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TETANUS is one of those few remaining, striking, and fatal
diseases, which deeply interest the public mind, as having so
long resisted the art of medicine, and baffled its inquiries.
Not, indeed, that cases of tetanus are invariably fatal. From
time to time well-authenticated cures are reported in the
papers. But there is as yet no received theory as to the
nature of the disease; there is no acknowledged line of treat-
ment; and the number of deaths in acute cases is out of
proportion greater than in most other diseases. Acute tetanus
is even more fatal than cholera. Poland gives the mortality
of all cases, as seven deaths in eight and a-half cases.

How comes it that we have advanced so little in this direc-
tion? Probably because there are still different, and even
contradictory, views held and taught as to the very nature of
the disease. There are humoral pathologists—a good number
—who look upon tetanus as a species of blood-poison. Others
trace it to inflammation of the nerves and spinal cord; while
the majority, confronted with the dual origin of the disease,
expressed by its classification into Traumatic or Idiopathic,
consider, in fact, that it may arise either one way or the other.
Of late, however, there is a growing tendency on the part of
writers on tetanus to give up all of the foregoing theories as
to the origin of the disease as lacking proof, and being incon-
sistent with many well-known facts. But, so far, nothing very
definite has been put forward in substitution.

And first as to its humoral origin, which finds expression so
often in the term Idiopathic, as distinct from the Traumatic
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form of the disease. What proof have we of it? As a
rule, perhaps, so-called idiopathic cases are milder than cases
arising from injury; but the exceptions to this rule, both
ways, arc so numerous, that no argument can be founded
on this. Many idiopathic cases are very acute ; idiopathic
tetanus is often fatal. Many traumatic cases, on the other
hand, are very mild, and do not end fatally. The fact is that
tetanus has grades of severity, like other diseases ; acute
cases, however arising, are generally fatal; and chronic cases,
however arising, are generally not fatal ; and the division
into acute and chronic is a good and practical one, but there
is no positive proof of its idiopathic origin in any single case.

It is easy to deny the humoral or idiopathic origin of tetanus.
I must use the term idiopathic in this paper, to make myself
clear, since it is a part of the" language of the subject; but
I do so with the protest that the word is in this connection
a mere negative. It really means nothing more than that the
cause of the disease is not apparently traumatic. It has,
besides, the great practical drawback of suggesting a humoral
origin where none has actually been found.

No one, as far as I know, denies that tratunatism is one cause
of this disease. There are so many unequivocal proofs of it 011
record, that it would be rash to do so. I will give one out
of many for the sake of illustration, premising that the case is
an unusual one. Sir T. Watson relates that Professor Robin-
son, of Edinburgh, was once at table when a negro servant
lacerated his thumb by the fracture of a china dish. He was
seized with convulsions almost instantly, and died with tetanio
symptoms in a quarter of an hour. This case, it will readily be
admitted, leaves no opening for humoral pathology. There
are many cases which go nearly as far to demonstrate the
traumatic origin of the disease. I think I may, to save space,
take so much for granted, that tetanus does often arise from
injury. It is generally so admitted, and all (5ases of tetanus
following an injury are classed as traumatic. This leaves a
large residue of cases to be dealt with, in which no injury is
apparent, and which are for that reason called idiopathic, and
for no better reason. I might here suggest that the traumatic
origin of tetanus is often so insignificant as to be overlooked.
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Sir T. Wataon mentions cases of tetanus following the bite of a
sparrow; the stroke of a whip-lash, in which the skin was not
broken; a fish-bone in the fauces; a blow of a stick on the
hand. Six W. Ferguson, the scratch of a pin. Bryant, a
alight contusion. Erichsen, a child falling on its back; no
breach of surface. And doubtless some, so-called, idiopathic
cases have grown out of some such trivial injuries. But the
difficulty of explanation must be fully considered, and fairly
met What is the difficulty? That a number of cases of
tetanus occur without the intervention of a wound or injury.
And, what if the intervention of a surgical wound or injury be
an accident of the disease, and not an essential ? I am far
from considering a surgical injury as the invariable starting-
point of tetanus. On the contrary I Would give up traumatic
as well as idiopathic, looking upon both members of the classi-
fication as misleading. I will try to show that tetanus is a
single disease; that it begins in persistent peripheral nerve-
irritation, and ends in organic molecular, and functional dis-
turbance of the, medulla. This peripheral nerve-irritation
need not, however, be traumatic.

I will divide the subject into five propositions. 1st. Peri-
pheral nerve-irritation is a cause of tetanus. 2nd. Peripheral
nerve-irritation is present in all cases of the disease. 3rd. It
produces eventually the group of symptoms known as tetanus.
4th. It explains the facts of the morbid anatomy of the disease.
5th. It guides the treatment of the disease, and is proved by
its success.

Three cases may be cited to prove that peripheral nerve-
irritation is a cause of the disease. 1st. Dr. Murray, in the
eleventh volume of the ' Medical Gazette,' records the case of a
midshipman, who whilst on night-watch trod upon a rusty nail,
which pierced his left foot. Soon after, his foot and leg felt
numb and peculiar, and the next morning symptoms of acute
tetanus set in. Dr. Murray at once divided the left posterior
tibial nerve with a stroke of his scalpel. The patient felt
immediate relief; his mouth opened; the disease subsided,
and he was well in two or three days. Now the way in which
I read this, and the only way in which I can understand it, is
that a peripheral branch of the left posterior tibial nerve was
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injured, or irritated by the nail or wound, and that the irri-
tation was propagated along the nerve to the medulla, and
gave rise to tetanus; and that, upon the division of the nerve,
the irritation ceased to flow up to the medulla, and the reflex
symptoms (i.e. tetanus), naturally subsided. Volkman has
pointed out that irritation of a nervous centre, through a
centripetal nerve, causes contractions, which last after the with-
drawal of the stimulus. 2nd. A similar case rests upon the
evidence of Baron Larrey. Tetanus followed an injury to
the supraorbital nerve, and was directly cured by division
of the nerve. This case is mentioned in most works on sur-
gery. The same remarks apply to it as to Dr. Murray's case.
3rd. Bryant reports that Mr. Key, in 1845, amputated a leg
for tetanus, which had followed on an unreduced dislocation
of the astragalus. The symptoms disappeared at once after
the operation. On dissection, the posterior tibial nerve was
found to have been put violently on the stretch by the pro-
jecting astragalus. In this case there is no wound; septic
influence is excluded ; a peripheral nerve, the posterior tibial
again, is kept violently on the stretch; irritation is propagated
to the medulla; the train of reflex phenomena, known as
tetanus, ensues; the source of irritation is cut off by the knife;
the symptoms of reflex irritation cease immediately. Nothing
could be plainer. I take these three cases as proving that
peripheral nerve-irritation is a cause of the disease—the first
step in this inquiry.

There are very many cases mentioned in surgical works,
which go to strengthen the above proposition. Erichsen gives
five or six cases, in which post-mortem examination revealed
laceration, (puncture, or other obvious injury of the nerve of
the part. He seems to consider peripheral nerve-irritation as
the starting-point of the disease in traumatic cases. Many
other eminent surgeons agree in this. No one, as far as I
know, has ever brought forward proof that any other cause
exists. On the principle that like effects from like causes
arise, this cause may safely be extended to all traumatic cases.
Indeed, peripheral nerve-irritation is an essential feature of
traumatism, and is included in the definition. Proposition the
first being proved above, the following may be taken as a
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corollary. Traumatic tetanus arises from peripheral nerve-
irritation.

Let us see now what bearing this has upon so-called idio-
pathio tetanus. First, I must recapitulate that there is not an
iota of direct proof that tetanus is ever idiopathic, whatever the
word may mean. The term is liere used simply in a negative
sense. It is the negation of injury. If we accept peripheral
nerve-irritation as the source of one form of tetanus, we must
exclude it from the other, to justify the classification by
negation. The question then arises—Is, or is not, peripheral
nerve-irritation present in idiopathic tetanus ? This question
is embraced in the second proposition : viz. peripheral nerve-
irritation is always present, which I will now endeavour to
prove.
. The great bulk of idiopathic cases are, in point of fact, either

puerperal, menstrual, or the result of worms. They are put
down as such in hospital records; this is well known, and
easily proved. Indeed, there are authors—as MM. Laurent
and Lombard—who go so far as to say that tetanus, even when
traumatic, is almost always caused by worms. So common is
this association of worms with tetanus at Madras, that santonin
is a stock remedy in idiopathio tetanus. Again, puerperal and
menstrual cases are exceedingly common. Looking over the
records of the hospital, which I am now in charge of—the
Women and Children's Hospital, Madras—I find that all
the idiopathic cases which have been recorded in detail,
including uterine and vaginal diseases, are either puerperal
or menstrual, or the result of worms. Dr. King, formerly
in charge of the Triplicane Hospital, Madras, found that out
of 224 cases of tetanus treated in that hospital, 111 were males,
113 females. He makes the remark: " These ntimbers are
nearly equal, showing that menstrual and puerperal predis-
posing causes in the one sex, about compensate the greater
liability of the other to mechanical injury." In these acknow-
ledged forms of idiopathic tetanus, peripheral nerve-irritation
is undeniably at work. I have examined the gut (post-
mortem) in cases the result of worms, and have found chronio
inflammation, ulceration, worm-burrowing, and other signs of
considerable local irritation. I have examined the utero-

 by guest on A
pril 11, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


ON THE O1UGIX OF TETANUS. 483

vaginal tract in puerperal and menstrual cases, and have found
congestion, erosion, ulceration, clots, and other signs of local
irritation. To deny peripheral nerve-irritation in these cases,
would be to deny that the parts concerned are supplied with
nerves. It follows that in a large class,'the greater part of
idiopathic cases, peripheral nerve-irritation is at work. Now,
if peripheral nerve-irritation at the surface causes tetanus, as
has been proved to be the case, it is highly probable that
it acts in the same way beneath the surface; that is, in the
interior of the body.

There is but one step more in this inquiry, and that is to
include all idiopathio cases. We must infer from the fore-
going that any source of peripheral nerve-irritation within the
body is capable of producing tetanus. Now, what are the
possible sources of nerve-irritation within the body ? Their
name is legion. Parasites of all sorts, ulcers, concretions,
tubercles, vomicee, morbid growths, &c, diseases of the lungs,
liver, bladder, and other organs. In a word, any disease,
anywhere in the body, is a source of nerve-irritation; and
that case of idiopathic tetanus from which all such sources
could be excluded must be absolutely free from disease. I
cannot Imagine that such a case has ever existed. Bryant
says : " The late Mr. Wilson King, of Guy's, is stated by Poland
to have been in the habit of remarking at the post-mortem
table, whenever there was an examination of a case of death
from tetanus, ' Gentlemen, we will now proceed to give you
demonstration of a case of healthy anatomy ; for there will be
no visible morbid appearance otherwise than congestion of
the organs m various degrees, which are owing to accidental
circumstances.'" What did he mean by congestion of the
organs " owing to accidental circumstances " ? what organs,
and what circumstances ? Seeing that his remarks apply
to traumatic cases, and perhaps to them chiefly, the organs
referred to may be those of the nervous system, in which
case the inference is clear. Anyhow, supposing his post-
mortem examinations were more than usually searching, a
vast number of sources of peripheral nerve-irritation in the
organs, vessels, nerves, muscles, bones, and tissues generally,
would, if present, escape detection. So that his remarks do
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not in the least affect my second proposition that this cause,
viz. peripheral nerve-irritation, is always present. This post-
mortem question will be fully discussed under the heading of
Proposition the 4th.

I now come to the third part of this inquiry: Does nerve-
irritation give rise to the group of symptoms known as
tetanus ? If we were to reason from the known symptoms of
the disease back to their hidden cause, it is precisely nerve-
irritation that we would expect to find at the bottom of every
case. The symptoms of tetanus are those of constant irritation
of the excito-motor system, with great exaltation of the reflex
function of the cord and medulla. It is characterised by
muscular spasms, tonic and clonic, the latter brought on by the
least noise or motion, the slightest stimulus to the peripheral
nerves. The brain is clear and unaffected. There is often no
fever, no constitutional disturbance of any kind. Physiologists
know that if one of the spinal nerves of a headless turtle
be irritated, contraction of the muscles follows on both sides
of the body, both above and below the roots of the nerve
operated upon. The irritation goes along the afferent nerve
to the medulla, the centre of reflex irritability and seat of
decussation of motor nerve fibres, from whence the impulse
of motion is sent through the efferent nerves to any muscle in
the body.

So wide-spread are the connections of the medulla that its
afferent nerves are involved in every disease or injury within
as well as without the body. Tetanus can be produced artifi-
cially in a headless frog, which has been rendered excitable
by the injection of opium into the blood, by irritating the
peripheral nerves (Kirke). Similarly with strychnine.

The pathology of tetanus would seem to be this:—
1st. Continued irritation of the peripheral extremity of a nerve
or nervus nervoram, through injury or disease of some sort..
2nd. Continued irritation of the medulla, with tonic reflex
spasm, risus sardonicus, and trismus. 3rd. The unbroken cycle
of continued irritation leads to morbid molecular changes,
with violent disturbance of the reflex function and paroxysmal
tetanus, on the least excitation, as a current of air.

Clinical facts support the idea that the medulla is early
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affected. Nothing is more remarkable in tetanus than that
it always begins with trismus, riaus sardonicus, and stiffening
of the .sterno-mastoid muscles. These symptoms clearly
denote irritation of the medulla, inasmuoh as these muscles
are supplied by nerves, the inferior maxillary division of
the 5th, portio dura of the 7th, and spinal acoessory, all of
which arise from the medulla. Why these parts should be
the first affected, is another question. It may be because they
are nearest to the medulla, which thus expends its purposeless
reflex force by the shortest route. Thus, for instance, if a
drop of boiling water falls upon the hand, it is involuntarily
withdrawn by a well-meant reflex aot quicker than thought.
But if the hand be well scalded, there is no meaning in the
continued peripheral nerve-irritation which results, and which
is a common cause of tetanus. Here we may suppose that the
reflex irritation is transferred by the medulla to the nearest
muscles by the shortest route, to expend the agony as it were,
for nature perceives that to move the hand would now but
increase the pain and reflex irritation. To avoid drawing out
further the pathology of tetanus, which would be a digression
in this place, I will conclude this branch of the subject by
saying that Proposition the 3rd has been demonstrated experi-
mentally. Peripheral nerve-irritation produoes eventually the
group of symptoms known as tetanus.

Fourth.—Does peripheral nerve-irritation, taken with the
disturbance of the excito-motor function which it causes,
account for the actual facts of morbid anatomy as found in
post-mortem examination of patients dying of tetanus ? Eeflex
irritation is a dynamical phenomenon. In its most distorted
form we need not necessarily expect to find its track, post-
mortem, as an objective morbid state. There is a strong
antecedent probability that in some cases—acute cases of some
duration—molecular changes do take place; but then such
changes may exist with an undisturbed appearance of parts
even with the aid of the microscope. Now there are many
cases of tetanus on record in which no morbid change of any
kind could be detected in the cord post-mortem. Bryant,
Billroth, Nothnagel, and others—men who have the reputation
of being careful observers—testify to this. Billroth says, " My
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investigations of the spinal cord and nerves in tetanus have, as
yet, given negative results only." This is not surprising,
considering the nature of the disease. A great number of
observers of equal weight, however, state that they have found
marked changes, some in the cord, others in the medulla,
others again in the floor of the 4th ventricle; and in traumatic
cases inflammatory changes have been found in the peripheral
nerves implicated. Under the microscope, parts apparently
3ound have been shown to have undergone change. At a late
meeting of the Pathological Society, London, April 29, 1879,
Dr. Ross showed microscopic sections of the cord after tetanus.
He found dilatation and plugging of vessels, migration of
leucocytes and of a granular material round the vessels, chiefly
in the- grey substance of the cord and in the grey nuclei
in the floor of the 4th ventricle. Besides these inflammatory
changes, he found the cells, especially the median group of
the anterior horn of the columns, injured. Lockhart-Olarke,
Erichsen, Allbutt, Gowers, Coats, Diokinson, and Benedikt
have described similar changes. Aitken speaks of increase
of specific weight; Rokitansky and others of a development of
fresh connective tissue. In two so-called idiopathic cases, one
puerperal, the other the result of worms, which I examined
lately, the following changes were found:—bright-red vascular
patches on the dura mater over the medulla, colour persistent
after repeated washings; vessels of the pia mater much
engorged; arachnoid opaque and of a brownish tint, and
excess of serous fluid. These changes are not in any way
inconsistent with the proposition stated above; for although
their absence does not militate against it, their presence is
certainly more in accordance with what physiology would lead
us to expect. Exalted function is always accompanied by
hypersemia. Increase of work necessitates increase of blood
supply, and the line of demarcation between healthy plethora
and morbid engorgement is often a very fine one and easily
overstepped. Witness the condition of the breast at full time,
itseK a reflex phenomenon dependent on the condition of the
uterus. We would. expect to find post-mortem evidence in
some cases of congestion, in others of inflammation and mole-
cular disintegration; but we could not, from the nature of the
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disease, expect to find such changes always, and this is exactly
what happens. The length of time the disease has existed,
and its intensity, should, moreover, influence the result A
mild case ending fatally in a very debilitated subject would
not probably yield such marked changes as a severe case in
a robust subject. The negro, mentioned by Dr. Bobertson,
who died in a quarter of an hour from spasm of the glottis (?),
would not present any change at all. According to the view
of the subject herein argued, in the first stage of the disease,
that of continued nerve-irritation reacting upon the medulla
and originating tonic spasms, up to a certain point there is no
morbid change, and consequently there would be no evidence
of disease. At this period division of the afferent nerve, by
cutting off the source of irritation, arrests the symptoms.
Afterwards, continued irritation exciting the reflex function
to an inordinate degree, causes hypersemia with molecular
changes, and frequently inflammation. Here there may or
may not be visible change, but there will be hidden molecular
changes. Pathological facts fit in* exactly with these views.
Sometimes no changes are found, sometimes microscopical
changes, and sometimes evidences of inflammation of the
niedulla and upper part of the cord. Proposition the 4th—
peripheral nerve-irritation explains the facts of the morbid
anatomy of the disease.

Here I must digress to say that I once thought that the
disease itself was a species of neuritis ascendens; but the
absence of post-mortem evidence of inflammation in many fatal
traumatic cases, both in the peripheral nerves implicated and
in the cord, makes this view untenable. Professor Nothnagel
of Jena, who has specially studied this view of the question
(vide New Sydenham Society's Second Series, 1877), has come
to the conclusion that it cannot be proved either by clinical
or pathological evidence, and he is forced to the conclusion
that tetanus is due to an increase of nerve-irritability, possibly
resulting from molecular changes beyond demonstration.

There remains the fifth proposition, that the peripheral
nerve-irritation view of tetanus is borne out by its treatment.
I have already brought forward three cases, in two of which,
section of the nerve, and in one, amputation, cured the disease,
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as a proof of its origin in nerve-irritation. These three cases
are of equal value in proving any present proposition. Later
on I stated that this treatment, by the knife, is only efiBcient
up to a certain point; that when molecular changes take
place in the medulla it is useless. Division of the nerve in
the second stage may help, but does not cure the disease.
Excision of the offending part does not affect it. Amputation
of the limb is of no avail. All these have been tried and have
failed signally. Something more is wanted—some powerful
wrench to the nervous system that will alter the morbid
molecular arrangement of the parts, or act as a revulsive or
counter-irritant. Stretching a large nerve trunk and making
traction on the cord, for instance, may prove of use. Well,
this has been tried. The sciatic nerve has been stretched, and
with marked success. I have seen it abolish clonio spasm for
hours, in some acute traumatic cases, arising from injury to
the limb operated upon. It may be said that this also acts by
stopping the current of peripheral nerve-irritation. I think
not I think its action is upon the molecules of the spinal
marrow or as a revulsive for this reason. The conductivity of
the nerve itself is apparently unchanged. Sensation, nu-
trition, and motion, remain unimpaired in the limb operated
on. Again, Prof. Annandale of Edinburgh lately stretched the
spinal accessory nerve for spasmodic wry neck, without effect;
whereas a cure immediately followed subsequent division of
the nerve. In some cases of leprosy, and indeed in other
special cases, the nutrition of the hand is improved by
stretching the ulnar nerve. In 1878, Baum of Danzig cured
a mimic spasm by stretching the facial nerve. Clearly then
the nerve still conducts, but the mechanical violence gives rise
to mechanical changes in the nerve centres or something
of the kind, whereby rener excitement is for a time subdued (?).
If this view of the action of nerve-stretching is correct, it
should act more or less well in all cases, whether puerperal or
the result of worms, or what not, according as the afferent
nerve implicated entered low down or high up the cord. I
have made trial of this crucial test in a so-called idiopathio
case (puerperal) ; but the case was hardly acute enough for my
purpose. There was complete trismus, compelling rectal

 by guest on A
pril 11, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


ON THE OBIGEN OF TETANUS. 489

alimentation ; but medicines were at times given by the month
and swallowed. I saw no spasms of opisthotonos, but the
attendants, apothecary and nurse, said that they had. I
stretched the right sciatic nerve with a tension of 10 lbs.;
there were certainly no spasms after the operation, and the
patient ultimately recovered under the influence of chloraL
The case goes to prove my proposition, but not so far as if it
had been more acute. I will not venture to infer anything,
however, from the result of this single case, the more especially
as, since writing then, I have had a case which seems to con-
tradict i t A girl aged eight years was seized with acute
tetanus ten days after having the cartilage of her ear pierced
for an ornament I stretched the left sciatic up to 12 lbs. on
the day of admission, and, with chloral, she improved very
much; but next day the clonic spasms were worse than ever.
Seeing this, I opened the wound and stretched the sciatic
again, but without the least effect The girl died that night
Here failure may have been due to the fact that the sciatic
nerve is a long way off from the cervical plexus, whose branches
were irritated, but this is a separate question and an obscure
one. It would have been better in this case to have stretched
the cervical plexus. As regards treatment, the fact of greatest
significance perhaps is, that whenever we look, we find men of
all shades of opinion treating the disease as if it arose from
peripheral-nerve irritation and had its climax in distortion of
the reflex function of the medulla. Billroth himself originated
nerve-stretching in traumatic cases. Surgeons almost in-
variably amputate fingers and toes when tetanus follows on
their injury. And for constitutional treatment, the drugs
used are just those which are known to diminish the reflex
irritability of the cord, such as chloral, atropia, calabar bean,
bromide of potassium, chloroform, alchohol, opium, and the
like. And moreover, such drugs have justified their use in
this disease. There is hardly one of them which has not been
credited with a number of well-authenticated cures. They
have each their special advocates ; but no one doubts that all
in turn have from time to time successfully combated the
disease. The ice-bag to the spine, leeches, blisters, and
plasters, to the same, all testify to the universal opinion, acted

VOL. II. 2 K

 by guest on A
pril 11, 2016

http://brain.oxfordjournals.org/
D

ow
nloaded from

 

http://brain.oxfordjournals.org/


490 ON THE ORIGIN OF TETANUS.

upon, if not avowed, that tetanus is a disturbance-disease of
the reflex function of the cord I need hardly dwell further
on this point, the 5th proposition, It (the peripheral nerve-
irritation theory) guides the treatment of the disease and is
proved by its success.

I will now consider the force of these five propositions taken
together, as evidence that peripheral nerve-irritation is the
cause of tetanus.

If a number of murders took place in different parts of
England, and all were of the same kind—by strangulation, for
instance—and one man was always found present, no matter
when the murder took place, strong suspicions would rest
upon him, even though there waa no direct proof of his guilt.
But if subsequently this man was proved to be a Thuggo, a
man who had been convicted of at least three murders, and
that by strangulation, a jury would surely find that he had
been guilty of alL I am imagining a very strong case, one in
which there is no evidence implicating any one else. Such is
the nature of the evidence against nerve-irritation in tetanus.
The patients all die in the same way. Nerve-irritation is
always present. Nerve-irritation has been convicted in at
least three similar cases. The patients die in just the way
nerve-irritation would kill them. The post-mortem appear-
ances are just such as it would leave behind it. There is no
evidence to show any other cause of death. In this simile I
lose the value of the 6th proof, or that by treatment, which
tells very strongly ; but I think that the evidence is already
strong enough.
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